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Background: Heat and moisture exchangers (HME) are often used to maintain humidity of breathing circuits during 
anesthesia. It is also known to increase dead space ventilation in respiratory distress syndromes. However, the effect 
of a pediatric HME in healthy pediatric patients has not yet been clarified. The purpose of this study was to evaluate 
the effect of a pediatric HME on dead space in healthy pediatric patients during anesthesia. 
Methods: 20 ASA physical class I pediatric patients, without respiratory impairment, who underwent elective surgery 
for inguinal hernia or hydrocele with general anesthesia were enrolled. Fifteen minutes after ventilation with and 
without pediatric HME (internal volume of 22 ml), hemodynamic variables, end tidal CO2, minute volume and airway 
pressure were measured, and arterial blood sampling was conducted simultaneously. 
Results: The removal of pediatric HME decreased PaCO2 significantly from 46.1 ± 6.9 mmHg to 37.9 ± 4.3 mmHg (P < 
0.001) and increased the pH from 7.32 to 7.37 (P < 0.001). The differences between PaCO2 with and without HME (Δ 
PaCO2) were significantly correlated with weight (P < 0.001, β1 = -0.749) and age (P = 0.002, β1 = -0.623). 
Conclusions: The use of a pediatric HME significantly increased PaCO2 in healthy pediatric patients that was 
inversely proportional to weight and age. The use of pediatric HME should be carefully considered in small pediatric 
patients. (Korean J Anesthesiol 2012; 62: 418-422)
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Introduction
Heat-and-moisture exchangers (HME) are the most commonly 
used humidi-filters. HME have a low resistance to airway flow 
and a relatively small volume (about 75 ml), which is not too 
large to impair ventilation of healthy adult patients ventilated 
with a tidal volume of 8-12 ml/kg [1,2]. Therefore, most studies 
to evaluate the dead space effect of HME in adult patients 
have been conducted in ICU patients receiving lung protective 
ventilation with a lower tidal volume of 4-6 ml/kg [1,3]. 
However, with the exception of extremely small premature 
neonates [4], most pediatric patients undergoing general 419 www.ekja.org
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anesthesia are applied with only one size of pediatric HME 
between the tracheal adaptor and the Y piece. The volume of 
a pediatric HME is generally 20-25 ml, which is about 1/10 
of the tidal volume of a 20 kg patient or 1/5 for a 10 kg patient. 
Even when used in patients that are healthy without acute lung 
disease, smaller pediatric patients would be affected by the use 
of a pediatric HME. 
One previous study was conducted to evaluate the effect 
of humidi-filters on dead space in pediatric patients [5]. 
However, that study examined how much more ventilation and 
breathing work were required to maintain the same end-tidal 
con  centration of CO2 (EtCO2), but not the PaCO2, in pediatric 
patients under 2 years old. However, when there was a big 
dead space ventilation, the EtCO2 could not be representative 
of PaCO2 and the ages of the study population were limited to 
under 2 years. 
Therefore, in this study, we examined whether the PaCO2 
of healthy pediatric patients (1-96 months) was significantly 
influenced by the use of pediatric HME. Moreover, we inves-
tigated the correlation between the effect of pediatric HME on 
CO2 elimination and demographic variables. 
Materials and Methods
With approval from the ethics committee, we obtained 
written, informed consent from all the conservators of 20 
patients who were ASA I, aged 1-96 months and scheduled 
to undergo elective surgical procedures. Exclusion criteria 
included abnormal airway, lung disease, a history of admission 
to the NICU due to prematurity or respiratory distress syn-
drome, acute respiratory infection, fever (> 37.5
oC) or hemo-
dynamic instability. 
The patients were administered 1 mg/kg of ketamine and 
5 ug/kg of glycopyrrolate in the preanesthetic room. After loss 
of consciousness, the patients were delivered to the operating 
room. The lungs were ventilated manually with 6 L/min of 
100% oxygen and 6 vol% sevoflurane using a rebreathing 
circuit (Primus
Ⓒ, Draeger Medical, USA) and rocuronium 
0.6 mg/kg was administered. Endotracheal intubation was 
conducted and the patients were ventilated with FiO2 0.5 and 
sevoflurane in the supine position. A 24 G catheter was inserted 
into the radial artery for invasive blood pressure monitoring. 
During the study, the heart rate (HR), mean arterial blood 
pressure (MAP) and oxygen saturation (SpO2) were monitored 
continuously. Patients were hydrated with lactated Ringer’s 
solution. Ventilatory settings were: tidal volume (Vt) of 10 ml/
kg, frequency of 12-20/min depending on weight and an 
I/E ratio of 1 : 1.5 or 1 : 2 (freq < 14/min). The frequency of 
ventilation was 20/min for 0-5 kg, 18/min for 5-10 kg, 16/
min for 10-15 kg, 14/min for 15-20 kg or 12/min for 20-
30 kg. During the study period, the ventilation setting was 
not changed. First, we connected the pediatric HME in the 
breathing circuit for 15 minutes for stabilization (1). We used one 
size of pediatric HME (Humidi-filter
Ⓡ, Acemedical, South Korea) 
with an internal volume of 22 ml. The HME was placed between 
the tube connector and the Y piece of the circuit. Sampling ports 
for gas analysis were connected at a right-angled endotracheal 
tube adaptor. Fifteen minutes after ventilation with the HME, 
we measured hemodynamic variables including heart rate (HR), 
mean arterial blood pressure (MBP), EtCO2, minute volume [6] 
and airway pressure. Arterial blood sampling was conducted 
simultaneously. Then, lungs were ventilated without HME for 
15 minutes and we examined the same variables and arterial 
blood gas. The dead space and A-Et PCO2 differences were also 
compared before and after the use of HME. Dead space (VD / 
VT) was calculated using the Bohr equation: VD/VT (%) = (PaCO2 
- EtCO2)/PaCO2 [1]. Because CO2 production was proportional 
to cardiac output, the anesthetic depth and fluid management 
were controlled to maintain a similar MAP and HR. Correlation 
between demographic variables such as age or weight and the 
difference of PaCO2 with and without the HME were examined. 
A power analysis indicated that a sample size of 20 was 
required to detect significant differences of PaCO2 of more than 
5 mmHg between patients with and without the HME filter 
(power 90%, α error = 0.05). Statistical analysis was conducted 
using a paired t-test and a signed rank test. A causal relationship 
was revealed by Pearson’s correlation test and a quadrantic 
equation with a curve estimation regression test. Data were 
expressed as the means ± SD or median (range). All statistical 
calculations were conducted using the SPSS 12.0 Inc., Chicago, 
IL, USA. Statistical significance was defined as P < 0.05.
Results 
Demographic data are presented in Table 1. The ages of 
the patients ranged from 1 month to 96 months. Their weights 
ranged from 3.38 to 27 kg and normally distributed. Male 
gender (16/20, 80%) was significantly predominant because we 
enrolled patients with hydrocele or inguinal hernia, which are 
much more prevalent in male children [7]. Heart rate, mean 
blood pressure and oral temperature were similar in patients.
Table 1.  Patient Characteristics
Sex (M/F)
Age (Mo)
Height (cm)
Weight (kg)
Name of surgery
    Hernioplasty  
    Hydrocelectomy 
16/4
14.0 (5.7-44.2)
75.1 ± 21.1
13.4 ± 6.2
18
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In this study, it was shown that EtCO2 with HME was not 
representative of PaCO2 in small pediatric patients. If the weight 
of the patient was small, the difference between end-tidal CO2 
and PaCO2 (= A-Et PCO2) with HME increased significantly 
(R square = 0.444, P = 0.009; Fig. 1). Maintenance of the same 
level of EtCO2 in smaller patients can make them in a risk of 
hypercapnia. With the removal of HME for 15 minutes, the 
PaCO2 decreased significantly from 46.1 ± 6.9 mmHg to 37.9 ± 4.3 
mmHg (P < 0.001) and the arterial blood pH increased from 7.32 
to 7.37 (P < 0.001; Table 2). Other respiratory parameters were 
not changed. 
The differences between PaCO2 with and without HME (Δ 
PaCO2) were significantly correlated with weight (P < 0.001, β1 
= -0.749) and age (P = 0.002, β1 = -0.623). The removal of HME 
reduced PaCO2 severely in the younger patients (Δ PaCO2 = 12.4 - 
0.191 × age (mo) + 0.001 × age (mo)
2, R square = 0.397; P = 0.011 
- Fig. 2) and in the smaller patients (Δ PaCO2 = 26.0 - 1.894 × 
wt (kg) + 0.038 × wt (kg)
2, R square = 0.637; P < 0.001; Fig. 3).
Table 2. Ventilatory and Hemodynamic Variables
With HME Without HME P value
EtCO2 (mmHg)
PaCO2 (mmHg)
TVe (ml)
Ve (L)
A-Et PCO2 (mmHg)
Vd/Vt (%)
PP (cmH2O)
HR (bpm)
MBP (mmHg)
Hematocit (%)
42.9 ± 5.7
46.0 ± 6.9
133.1 ± 60.9
2.1 (1.6-2.5)
3.19 ± 3.88
6.4 ± 7.4
12.0 (9.7-14.0)
149.4 ± 19.7
71.6 ± 11.7
31.0 (26.5-32.0)
36.1 ± 5.7
37.9 ± 4.3
134.4 ± 61.6
2.1 (1.7-2.5) 
1.81 ± 3.81
4.8 ± 10.8
13.0 (9.7-14.2)
146.9 ± 21.6
67.9 ± 18.2
29.0 (25.5-33.0)
P < 0.001*
P < 0.001*
NS
NS
NS
NS
NS
NS
NS
NS
Data are expressed as the means ± SD or median (range). HME: heat and moisture exchangers, EtCO2: end tidal CO2 concentration PaCO2, 
partial pressure of arterial CO2, TVe: expiratory tidal volume, Ve: minute ventilation, A-Et PCO2: the difference in arterial to end tidal 
concentration of CO2, Vd/Vt (%): dead space, PP: plateau pressure. *P < 0.05.
Fig. 1. Regression of A-Et PCO2 (the difference between end tidal CO2 
and PaCO2) with a heat and moisture exchanger and weight. *P < 0.05.
Fig. 2. Regression of the difference between PaCO2 with or without a 
heat-moisture exchanger (Δ PaCO2) and age. *P < 0.05.
Fig. 3. Regression of the difference of PaCO2 with and without a heat 
and moisture exchanger (Δ PaCO2) and weight. *P < 0.05.421 www.ekja.org
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There was no patient with higher than 60 mmHg of PaCO2 
during the study. All patients were recovered without any 
complications. 
Discussion
The upper airway maintains humidification and protects 
the lungs from the environment by acting as a filter. Because 
mechanical ventilators with endotracheal intubation bypass 
the upper airway, an artificial humidifier and filter should be 
included in such systems [3]. The devices for humidification 
include heated humidifiers (HH) and HME. HH are more 
expensive and bulky, but have no dead space in the circuit. 
Conversely, HME are inexpensive and simple, but have a 
negative effect on ventilation because of their internal dead 
space volume [8]. 
Physiologic dead space is composed of alveolar dead 
space and anatomical dead space. Normally, the physiologic 
dead space is 2.2 ml/kg, which is about one third of the tidal 
volume [9]. When mechanical ventilation is conducted during 
general anesthesia, apparatus dead space is added due to the 
presence of the endotracheal tube, tube adaptor, Y piece and a 
humidification-filter device such as an HME. 
Most pediatric patients have compliant and healthy lungs, 
with minimal alveolar dead space. However, the anatomical 
dead space of pediatric patients is larger than adult patients 
because the size of the head is relatively larger to their body [9].
Moreover, if there were a large apparatus dead space, the 
dead space volume could be most of the tidal volume, which 
would result in ineffective ventilation and the development 
of respiratory acidosis. In high dead space settings, CO2 elimi-
nation is not sufficient, even with elevated ventilatory fre-
quencies. Several possible complications following insufficient 
ventilation and severe respiratory acidosis include air trapping 
in the lungs and the development of an intrinsic positive 
end-respiratory pressure with consequential increases 
in intrathoracic pressure, reduced venous return, higher 
intracranial pressure and CO2 narcosis [1]. 
The results of this study demonstrated that the addition of 
pediatric HME increased PaCO2 significantly even in pediatric 
patients without any lung disease, while the removal of the HME 
decreased PaCO2 significantly that was inversely proportional to 
weight and age.
It should be noted that there were some distinguishing 
characteristics between this study and previously conducted 
studies. First, we inserted an arterial cannulation and examined 
real time blood pressure monitoring and arterial blood gas. A 
previous study [5] used noninvasive blood pressure monitoring 
and EtCO2 as a ventilation index. In that study, the same EtCO2 
was maintained despite the use of HME and the amount of 
ventilation and airway pressure was compared. In normal 
children, EtCO2 is closely correlated with PaCO2 [10]. However, 
the additional HME adds a considerable dead space volume 
to the small tidal volume of children. We found that A-Et PCO2 
with HME was closely related to the weight in a negatively 
curvilinear fashion (Fig. 1); that is, the difference between 
PaCO2 and EtCO2 was higher in smaller patients. Only the use 
of EtCO2 as the ventilation index can cause hypercapnia in 
younger patients. Therefore, we thought that invasive PaCO2 
was necessary to reveal the effect of this large apparatus dead 
space. In addition, if we connected the CO2 sampling port to the 
port in the pediatric HME that was more proximal than the tube 
adaptor, EtCO2 sampled in the HME would be less than that 
sampled in a tube adaptor [5,11]; then the difference between 
PaCO2 and EtCO2 would increase. If we used only EtCO2 as a 
ventilation index in small children, we would overestimate the 
degree of ventilation and miss significant hypercapnia.
Production of CO2 is proportional to cardiac output. There-
fore, we controlled the blood volume status and anesthetic 
depth via the arterial line to maintain a similar cardiac output 
in this study. Moreover, we only enrolled patients without fever, 
acute lung disease or a history of intensive lung care during the 
neonatal period. Patients undergoing laparotomy were also 
excluded because of the potential for large fluid management. 
The alveolar dead space, calculated using the Bohr equation, 
was similar and minimal during the study period.
We also revealed a correlation between the PaCO2 difference 
with the use of a HME and demographic data such as weight or 
age. This was because only one size of pediatric HME is used in 
most pediatric patients. According to the regression formula, a 
healthy patient weighing more than 25 kg is free from the dead 
space effect of a pediatric HME. If the weight of the patient was 
18 kg, the use of a HME would increase the PaCO2 by 5 mmHg, 
while a weight of 11 kg would lead to an increase of the PaCO2 
as high as 10 mmHg and a weight of 3.5 kg would increase 
PaCO2 to 20 mmHg. Chau et al. [5] suggested that elevated 
airway pressure and frequencies were needed to overcome 
hypercapnia caused by the use of a HME. Overall, the results 
of this study were revealing. Usually, it is thought the use of a 
pediatric HME was safe in healthy pediatric patients. However, 
there was a large increase in apparatus dead space in healthy 
pediatric patients, especially small patients. The removal of the 
HME from the circuit in pediatric patients with acute lung injury 
could have led to effective ventilation with significant reduction 
in the work of breathing. Some authors have suggested that 
HME also increases oxygenation via its intrinsic positive end 
expiratory pressure effect [8]. However, an increase in PaO2 was 
not observed in this study. 
It should be noted that this study had some limitations. 
Specifically, male children were predominant in this study 422 www.ekja.org
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due to our patient selection. The operation for inguinal hernia 
is conducted mainly in males (91%) [7]. However, we do not 
believe that male predominance influenced the results of this 
study. Moreover, we removed the HME for 15 minutes without 
the compensatory use of another artificial humidification 
device. Removing the HME necessitates the use of a more 
expensive heated humidifier device unless lungs are ventilated 
at a low fresh gas flow for a short period (≤ 1 hr) [12]. However, 
the cessation time of humidification was short and we used a 
low gas flow of 3 L /min.
As mentioned above, the use of HME is an inexpensive and 
effective method of humidification, but is limited by the large 
internal dead space. Boyer et al. [3] suggested that the small 
dead space of a HME could provide equal humidification 
when compared to a heated humidifier without altering the 
respiratory parameters during noninvasive ventilation of acute 
lung injury patients. Further investigations on pediatric HME 
devices with smaller dead spaces are needed, especially in 
small pediatric patients. 
In conclusion, the use of a pediatric HME induced a signifi-
cant increase in PaCO2 and respiratory acidosis, even though 
the patients had healthy lungs. Moreover, these changes were 
inversely proportional to weight and age. If there was some 
impaired gas exchange, the removal of a pediatric HME from 
the circuit could offer significant CO2 elimination and should be 
considered. 
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